The entomopathogenic nematode, especially Steinernema carpocpasae, seems to be the most successful biocontrol agent against insect pests. This nematode has many target insects for control (29) , but also has profitability for mass-production by liquid culture (6, 15) . In Japan, S. carpocapsae gained governmental clearance and was registered as a bioinsecticide against turfgrass insects in 1993. Although practical application started in 1994, some technical problems remain. For instance, inundative release of nematodes have not always brought good results; the efficacy of nematodes has not been proportional to the number of applied nematodes (9, 11, 20, 21) . A tendency to aggregate (19, 20, 31) Sex ratio: The sex ratio was relatively constant, regardless of the storag period. It was not affected by the penetration rates (Fig. 2) , but was related to nictating behavior. In the petri dish bioassay, the average male ratio was 55.4% and 37.2% for nictating IJs collected from bark compost substrate and non-nictating IJs from nematode-water suspension, respectively. In the bark compost column bioassay, the average ratio was 69.5% (Table 3) , although the average penetration rate was 9.6% (Table 2) .
DISCUSSION
The basic foraging strategy of Steinernema carpocapsae has been purported to be that of an ambusher (i.e., sit-and-wait behavior) (12, 14, 27) and tends to become quiescent with a straight posture when host cue such as CO2 (7, 28) , feces (12, 30) or larval plasma (25) are not available. The positive responses of IJs to such cues, if any, were at most 20% others were indifferent (23). employed nictating IJs on day 1 for material, however, we assume that nictating IJs will always be composed of more males than females even from the batch from later performance on day 3 or 4. Interestingly, the ratios from the bioassay using bark compost column were higher than those from the petri dish bioassay as a whole, particularly after storage for more than 4 weeks giving 76.7% on average, while averaging 55.0% of those nictating IJs in the petri dish bioassay (Table 3) . As previously reported (23) , repeated performance of nictation does not lead to the increase in the nictation rate. On the other hand, sex ratio is likely to increase by repeated use of nictating IJs. Penetration rates from the column bioassay were generally lower than those from the petri dish bioassay. Therefore, the higher sex ratios from the column bioassay are not a consequence of over-crowding; the population density of penetrating nematodes does not affect the sex determination of this nematode (13) . The morphological difference in gonadal development of males or females is already discernible at the infective juvenile stage (unpublished), though the difference between male and female cannot be discriminated by its appearance.
It seems to be widely acknowledged from the ecological viewpoint that males of many animals are dispersers and take greater risks than females to enhance their reproductive success (2,4, 13, 16) . GREWAL et al. (13) were the lrst to present the above adaptative phenomenon in nematodes.
The bark migration bioassay demonstrated that male IJs of steinernematid nematodes dispersed, located, and established in distant live hosts before females, and suggested that males' recruitment might be a type of parental investment in the risk to protect females from host defenses (e.g., immune responses), thereby enhancing reproductive success . Major questions regarding the behavior of S. carpocapsae infective juveniles remain: 1) Techniques to describe the behavior of female IJs are needed. 2) Are female IJs more inclined to quiescence or inactivity when host cues are not available to them? 3) Is there any difference in the perception of chemical stimuli between male and female IJs? To approach these questions on the behavioral differences between the male and female infective juveniles, the morphology of the differential gonadal development between male and female juveniles' stage will be invaluable. 
